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FLUID HEATER 

CROSS-REFERENCE TO RELATED APPLICATION 

This application claims the benefit of U.S. Provisional Patent 
Application No. 60/421296 filed October 25, 2002, which provisional application is 
5 incorporated herein by reference in its entirety. This application is a continuation- 
in-part of U.S. Patent Application No. 09/878,838, filed June 6, 2001, now pending, 
which application is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

10 This invention relates to a heater for heating fluids. More particularly, 

to a heater for water or vaporizing liquefied gases such as liquefied petroleum gas. 

Description of the Related Art 

Fluid heaters for the heating and controlled vaporization of liquefied 
gases are generally known. One electrically heated liquefied petroleum gas (LPG) 

15 vaporizer is disclosed in U.S. Patent No. 4,255,646. Another liquefied gas vapor 
unit is disclosed in U.S. Patent No. 4,645,904. Typically, the vaporizer includes a 
hollow pressure vessel having a liquefied gas inlet near a lower end and a gas 
vapor outlet near a closed upper end remote from the liquefied gas inlet. A heating 
core is typically disposed within the pressure vessel, usually positioned close to 

20 the lower end. A plurality of resistive electric heating element may be embedded 
within the heating core. 

Such vaporizers using electric heating elements often require the use 
of a temperature sensor coupled with a time proportional controller for applying 
power to the heating elements with a periodic on/off duty cycle determined by the 

25 deviation of the core temperature from a predetermined set point. If there is an 
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increase of the core temperature above the set point the control circuit reduces the 
on time of the duty cycle to reduce the temperature. If the core temperature is 
below the set point, the control circuit increases the on time of the duty cycle. 
Complex control circuitry and switches are required. 
5 Such known vaporizer may also have a liquefied gas sensor 

communicating with the interior of the pressure vessel near its upper end, below 
the gas vapor outlet. The liquefied gas sensor is typically an overflow sensor or 
"float switch" for sensing the level of liquefied gas in the pressure vessel and 
controlling a valve that opens and closes to stop the flow of liquefied gas into the 
10 pressure vessel. Accordingly, the valve is controlled to open the pressurized flow 
of liquefied gas into the pressure vessel and to shut off the flow before the liquefied 
gas fills the gas vapor head space and liquefied gas floods through the outlet of 
the vaporizer. 

A problem with such known fluid heaters is the need to control the 
1 5 on/off duty cycle of the electric heater elements to prevent overheating. The 
circuitry required creates safety concerns and, in addition, maintenance and 
reliability concerns are created. Further, the circuitry increases the cost of 
manufacturing the fluid heaters. 

Another problem common to most known fluid heaters is that, due to 
20 the presence of extremely volatile gasses, as well as a combustion source in the 
form of an electrical circuit and heat source, there is a potential of an explosion. 
As a result, the fluid heaters must be sufficiently encased in a protective shielding 
to suppress an internal explosion if they are used in environments that include 
other combustion or explosion dangers. Such shielding adds expense, weight and 
25 size to the fluid heaters, as well as making maintenance issues more complex. 

BRIEF SUMMARY OF THE INVENTION 

According to one embodiment of the present invention, a fluid heater 
is provided, including a first heat exchanger block, a fluid heating tube configured 
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to receive a fluid to be heated, and a second heat exchanger block having a 
second fluid heating tube configured to receive a fluid to be heated. The first block 
and the second block have their internal surfaces facing each other. A heating unit 
is positioned between the first and second heat exchange blocks. In one 
5 embodiment, the heating unit is a positive temperature coefficient (PTC) heater, 
having one or more individual elements. A cavity may be formed between the two 
heat exchanger blocks in which the PTC elements are placed, or they may be 
positioned adjacent the heat exchange blocks without such a cavity. 

In accordance with an embodiment of the invention, first and second 
10 bus plates provide power to a plurality of PTC elements sandwiched between the 
bus plates in an electrically parallel configuration. Each PTC element includes first 
and second conductive plates, and a plurality of positive temperature coefficient 
heating stones sandwiched between the conductive plates in an electrically parallel 
configuration. 



1 5 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Figure 1 is an isometric view of a fluid heater embodying the present 
invention having a heat exchanger comprised of two stacked heat exchanger 
blocks and a capacity control valve. 

Figure 2 is an isometric, exploded view of the fluid heater of Figure 1 
20 with one to the heat exchanger blocks show in phantom line to better illustrate a 
tube encased therein and heating elements. 

Figure 3 is an isometric view of a tube used in each of the heat 
exchanger blocks of the fluid heater of Figure 1. 

Figure 4A is an isometric view of a positive temperature coefficient 
25 (PTC) heating element used to supply heat to the heat exchanger blocks of the 
fluid heater of Figure 1 . 

Figure 4B is an exploded view of the PTC heating element of Figure 
4A, showing placement of the individual stones. 
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Figure 5 is an exploded isometric view of a second embodiment of 
the invention, showing the positioning of the components of the heating element 
within the cavity of the heat exchanger block. 

Figure 6 is a cross-sectional side view of the embodiment of 

5 Figure 5. 

DETAILED DESCRIPTION OF THE INVENTION 

The heater 10 includes a heat exchanger 12 comprised of two heat 
exchanger blocks 13 and 14 mounted face-to-face with eight positive temperature 
coefficient (PTC) heating elements 16 sandwiched between the heat exchanger 
10 blocks 13 and 16. In practice, the number of PTC heating elements may vary as 
required by the application. The number may vary from six or fewer, to fourteen or 
more. 

Each of the heat exchanger blocks 13 and 14 is formed of a casting 
of a thermally conductive material, such as aluminum, with an integral fluid heating 

15 tube 18 therein, as best shown in Figures 2 and 3. Each of the fluid heating tubes 
18 has an inlet 20 and an outlet 22. The fluid heating tubes 18 of the heat 
exchanger blocks 13 and 14 are coupled together in series by a coupler tube 24 
connecting the outlet 22 of the fluid heating tube 18 of the first heat exchanger 
block 13 and the inlet 20 of the fluid heating tube 18 of the second heat exchanger 

20 block 14. 

The tubes 18 can be formed within the blocks 13 and 14 by any 
acceptable technique. One way is to provide the tubes 18 as stainless steel, 
carbon steel, or aluminum tubes of the proper shape and size and cast the 
aluminum around these tubes in place to obtain the final blocks 13 and 14. 
25 Another acceptable technique is to cast blocks 13 and 14 having the tubes formed 
within the blocks as part of the casting process. Other techniques also may be 
used. 
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The heat exchanger blocks 14 are secured tightly together in face-to- 
face relation with the heating elements 16 sandwiched between them by a plurality 
of fasteners 26, such as bolts or alternatively other fasteners or clamps. An 
electrical power supply 28, preferably between 100 to 240 volts, supplies electrical 
5 power to the heating elements 16. A fluid rate capacity control valve 30 is coupled 
to the inlet 20 of the vaporization tube 18 of the first heat exchanger block 13 and 
controls the flow of fluid from a fluid source 32, such as a liquefied petroleum gas 
storage tank, for example, to the heat exchanger 12 where it is heated and caused 
to vaporize. The vaporized fluid exits through the outlet 22 of the fluid heating tube 

10 18 of the second heat exchanger block 14 and is supplied to an outlet tube 29. 

One of the PTC heating elements 16 used in the heater 10 is shown 
in Figure 4A f with an exploded view shown in Figure 4B. Such PTC heating 
elements are well known and include a pair of spaced-apart planar conductive 
plates 16a and 16b with a plurality of individual heat producing components, called 

15 "stones" in the art. Each stone heats as current passes through it. The stones 16c 
are positioned between the conductive plates. The PTC heating elements 16 have 
a flat, low side profile. An electrical lead 16d is attached to the end of plate 16a 
and an electrical lead 16e is attached to the end of plate 16b to supply a voltage 
across the stones between the conductive plates, such that all the stones are 

20 connected to the supply voltage in parallel. The stones 16c are arranged in a row 
between the conductive plates 16a and 16b with each stone having one face in 
electrical contact with conductive plate 16a and an opposite face in electrical 
contact with conductive plate 16b. Current passes through the stones from plate 
16a to plate 16b to heat them. 

25 The stones 16c are composed of a thermally sensitive semiconductor 

resistor material that generates heat in response to a voltage applied across it by 
the conductive plates16a and 16b, and have the characteristic of producing 
substantially the same heat output regardless of the voltage applied across it. As 
such, the PTC heating elements 16 produce a very constant heat output 
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independent of the voltage used for the electrical power supply 28. This avoids 
having to carefully and accurately regulate the power source for the PTC heating 
elements 16 as is required in conventional electrical heaters so as to produce the 
desired heat. This produces a simpler and less expensive heater. It also reduces 
5 the need and expenses incurred with conventional heaters requiring highly 
regulated power when adapting them for use in countries that have very different 
power supply systems from each other. The PTC heating elements 16 allow wide 
use without regard for the power supply system providing the electrical power for 
the heating elements. 

1 0 In one embodiment of the invention described, the PTC heating 

element is the EB style, using 5 stones sold by Dekko Enterprise of North Webster, 
IN. A sample of the EB style, 5 stone PTC heating elements has produced a 
surface temperature ranging from 103 to 117 degrees Centigrade when the 
voltage ranges from 120 volts to 230 volts, respectively. 

15 In one embodiment, each of the PTC heating elements 16 is 

packaged in an electrically isolating jacket 17 formed of a material having a high 
coefficient of thermal conductivity. The jacket 17 is shown in Figure 4A partially 
removed to reveal the conductive plates 16a and 16b of the PTC heating element 
16. 

20 When the PTC heating elements 16 are tightly sandwiched between 

the conductive metal heat exchanger blocks to promote good thermal conductivity 
therewith, the jacket 17 prevents the conductive plates 16a and 16b of the heating 
element from making electrical contact with the heat exchanger blocks, while at the 
same time permitting the efficient transfer of the heat generated by the heating 

25 element through the jacket to the heat exchanger blocks. The electrically isolating, 
heat conductive jacket 17 of the PTC heating elements 16 may be made of 
KAPTON®, a polyamide film presently available from du Pont de Nemours and 
Company of Wilmington Delaware. 
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Other advantages are realized by using the PTC heating elements 
16. As noted, the stones 16c are arranged in a row between the conductive plates 
16a and 16b so that if one stone fails, the other stones between the conductive 
plates continue to operate and produce heat, thus making the heating element 
5 resistant to total failures. In this regard, as shown in Figure 1 , the leads 16d of the 
heating elements 16 are connected together, and the leads 16e of the heating 
elements are connected together, such that the heating elements are connected in 
parallel to the electrical power supply 28. With this arrangement, should one of the 
heating elements 16 fail completely, the other heating elements will continue to 

10 have power supplied, and to operate. A large enough number of heating elements 
16 are used such that should some of the stones fail in several of the heating 
elements, or even several of the heating elements completely fail, the other 
heating elements will still provide enough heat to accomplish the desired heating of 
the fluid supplied to the heat exchanger 12. 

1 5 Another advantage results from the fact that the PTC heating 

elements 16 are self-regulating in that they have a cure temperature at which they 
operate and they will reduce their power they output if the temperature of the 
environment in which they are operating starts to go above their cure temperature. 
Because the PTC heating elements are self-regulating, the electrical power 

20 supplied by the electrical power supply 28 is simply connected directly to the PTC 
heating elements 16 without fear of producing a dangerous situation where the 
temperature increases without control. This eliminates the need for expensive 
heating element temperature control circuitry as required for conventional resistive 
heating elements and eliminates the fear of overheating. 

25 Figure 5 shows an exploded view of a heater 100, according to 

another embodiment of the invention. Figure 6 is a cross-sectional view taken 
along lines 6-6 of Figure 5. A first heat exchanger block 114 is shown, having a 
surface 126 with a cavity or depression 110 formed therein. A selected minimum 
wall thickness T is provided on all sides of the cavity. A second heat exchanger 
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block 120 having a surface 128 is configured to mate with the surface 126 of heat 
exchanger block 1 14. The blocks 1 14 and 120 may be constructed by casting 
aluminum or some other material around tubes, as taught with respect to blocks 13 
and 14. The block 120 is illustrated in Figure 6 as having a flat surface 128. 
5 Alternatively, the cavity 110 may be formed in both blocks 114 and 120 so that 
both have identical configurations and are interchangeable. According to an 
embodiment, the surfaces 126, 128 are not planar but are configured to mutually 
conform in shape. According to the embodiment illustrated in Figures 5 and 6, the 
cavity 110 has a planar surface to conform to the planar configuration of the 

10 heating assembly therein. According to alternative embodiments, the cavity 110 
has a nonplanar surface that is configured to conform to a heating element or 
assembly having a nonplanar shape. 

Electrically nonconductive alignment pins 132 are positioned in 
recesses 134 located toward each end of the cavity 110. Within the cavity 1 10 is 

15 an electrically isolating pad 117 formed of a material having a high coefficient of 
thermal conductivity. According to a preferred embodiment of the invention, the 
pad 117 has a degree of resilience and conformability, to conform to surface voids 
and irregularities, thus maintaining a maximum degree of contact for thermal 
transfer. The pad 117 includes alignment notches 138, which engage the 

20 alignment pins 1 32. Next to the pad 1 1 7 is a first power bus plate 1 1 9, which 
includes alignment notches 140 that engage the pins 132. A resilient and 
nonconductive alignment mask 136 is positioned adjacent the first bus plate 119. 
The mask 136 is provided with alignment notches 142 to engage the pins 132, and 
a plurality of cutouts 137. 

25 A PTC heating element 1 16 is positioned in each respective cutout 

137 of the mask 136, along the length of the bus plate 119. The PTC heating 
elements 1 16 are similar in construction to those previously described with 
reference to Figures 4A and 4B. In this embodiment, they do not include the 
individual electrical connections 16d and 16e. Additionally, they do not employ 
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electrically insulating jackets 17 because they are connected to a common bus, as 
is explained herein. 

Above the PTC heating elements 1 16 is a second power bus plate 
121, and then a second electrically isolating pad 123 with respective alignment 
5 notches 140 and 138. The second heat exchanger block 120 is clamped to the 
first block 114 with the above listed components therebetween. The power bus 
plates 119 and 121 can be composed of aluminum, copper, steel, a silver coated 
substrate or any acceptable conductors. One plate 1 19 is coupled to one side of 
all the PTC elements 1 16 in parallel while the other plate 121 is coupled to the 

10 other side of all the PTC elements 1 16 in parallel. Power passes from bus 119, 
through elements 116 and into bus 121 to provide heating of all the elements in 
parallel, having the advantages as described elsewhere herein. 

The electrically isolating pads 117, 123 have some degree of 
resiliency, such that the pressure of the clamping of the first and second heat 

15 exchanger blocks 1 14 and 120 compresses the pads 117, 123, which conform to 
the surfaces of the respective power bus plates 1 19, 121 on one side and the 
surfaces of the respective heat exchanger blocks 114, 120 on the other. Pressure 
is evenly maintained between the aluminum bus plates 119, 121 and the upper 
and lower surfaces of the PTC heating elements 116. A pressure is selected that 

20 ensures a dependable electrical connection between the power bus plates 119, 
121 and the PTC elements 1 16, such that the conductive plates 16b and 16a are 
in electrical contact with the bus plates 119 and 121, respectively. Each power 
bus plate 119, 121 includes a contact tab 124. Electrical connection wires 122, 
123 from a power source 28 make contact with the power bus plates 119, 121 at 

25 contact tabs 124. An aperture 130 passing from the outside of the device 100 into 
the cavity 110 provides passage of the connections 122, 123 into the device. The 
aperture 130 may be closed by an explosion proof seal (not shown) configured to 
permit passage of the connection wires 122, 123. Such seals are well known in 
the industry and are used in other applications where combustion or explosion are 
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a concern. Electrical power is provided via the electrical connection wires 122, 
123 to the contact tabs 124 of the power bus plates 119, 121, and thence to each 
of the PTC heating elements 116. 

The cavity 1 1 0 is of the proper depth such that when the heat 
5 exchanger blocks 114 and 120 are clamped together, the pads 117, power supply 
bus plates 1 19, 121 and PTC elements 1 16 are appropriately biased together, the 
surface 126 of block 1 14 is pressed against the surface 128 of block 120. This is 
to provide an explosion proof assembly. 

Regulations governing safety ratings and certifications of devices 

1 0 such as those described according to the principles of the invention specify that, in 
order to be certified as safe for use in a given environment, the device must have 
features that fall within prescribed limits. For example, to be certified as explosion 
proof, according to some regulatory standards, a device used to vaporize 
flammable liquids must have a minimum selected wall thickness between a 

15 combustion source and the exterior of the device. The present invention provides 
walls of blocks 114 and 120 that meet this standard. For example, thickness T of 
sidewall 127 is selected to meet or exceed this minimum thickness. 

In addition, passages in the wall or gaps between the two blocks 114 
and 1 20 may be provided as vents to release pressure in the event of an internal 

20 combustion to avoid an explosion. If the vents are of the proper size, sufficient 
pressure cannot build up to cause an explosion. There is a relationship between 
the selection of the length and width of the gap or passages to provide the proper 
pressure release while ensuring that any flame occurring within the device cannot 
reach the exterior. Additionally, the overall volume and capacity of the device 

25 affect the parameters to be met for such certification. A device according to the 
embodiment of Figures 5 and 6 is configured to conform to a hazardous area 
rating Class I, Division 1, as described by the National Electrical Code (NEC). The 
device is thus rated sufficiently safe that, even if used in areas with the potential for 
explosive conditions, it will not explode nor initiate combustion in flammable 
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materials that might be nearby. Previous vaporizers and heaters having similar 
capacities have required a separate protective casing to conform to safety 
standards. 

In the case of the illustrated embodiment of the invention, the heat 
5 exchanger blocks 114 and 120 are configured to mate together to completely 
enclose the heating elements, power connections, and fluid heating tubes. The 
unit will thus comply with NEC standards without the need for additional shielding. 
The result is a significant reduction in cost of manufacture of the inventive device 
over known heaters and vaporizers. The blocks 1 14 and 120 provide the many 

10 purposes of enclosing the tubes, enclosing the heating elements, functioning as 
heat exchangers, and also providing the explosion proof enclosure. 

It will be recognized that the explosion proof nature of the heat 
exchanger blocks illustrated in Figures 4 and 5 is independent of the type of 
heating element employed. Thus, PTC elements in configurations other than 

15 those disclosed herein, as well as other types of heating coils and elements used 
with heat exchanger blocks that encapsulate the elements are also within the 
scope of the invention. Inner surfaces of the cavity 1 1 0 need not be planar, but 
rather need only conform to the shape of the heating element being employed, in 
order to maximize the efficiency of the exchange of heat to the blocks 1 14 and 120 

20 while providing an explosion-proof seal. 

Each of the heat exchanger blocks 114 and 120 may be provided 
with a cavity of about half the depth of the single cavity 1 1 0 of Figures 5 and 6, 
with the cavities positioned opposite each other such that a cavity of the required 
dimensions is formed by a combination of the two cavities. A possible advantage 

25 of this configuration is that the blocks 114 and 120 could be designed to be 
identical, thus simplifying the manufacture and assembly of the device. In 
applications where explosion proofing is not an issue, whether because the 
environment in which it will be used does not require it, or because the fluid to be 
heated is not flammable, it is not required that a cavity be present, and the heat 
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elements can be positioned between the blocks and sealed as appropriate for the 
desired application. 

According to one embodiment, a cavity is not formed within the heat 
exchanger blocks, but rather, is formed by the inclusion of a plate, having an 
5 aperture passing from one side to another, sandwiched between the blocks. The 
openings of the aperture are on surfaces of the plate that are in contact with the 
heat exchanger blocks, and the aperture is sized to receive a heating element 
therein. 

Operation of the device is as follows. A voltage supply is provided by 

10 a power source 28 to the heater 100 via electrical connection wires 122 and 123. 
The power bus plates 119 and 121 are provided electrical power through contact 
with the connection wires 122 and 123. The PTC heating elements are each 
connected to the power supply through the bus plates 119 and 121 . The PTC 
heating elements 116 heat up to their cure temperature. Heat from the elements 

15 1 16 is conducted through the power bus plates 119 and 121 and the electrical 
isolating pads 1 17 to the heat exchanger blocks 114 and 120. Heat is transmitted 
to fluid in the fluid heating tubes 18 where the fluid is heated or vaporized. The 
maximum rate of flow of fluid in the tubes 18 is regulated by the capacity control 
valve 30 to ensure that the fluid reaches the desired temperature. In some cases, 

20 the desired temperature may be at about the boil point for the fluid being heated, 
such as water, liquefied petroleum products, or some other fluid. For some fluids 
and uses, the temperature may be selected to ensure that the fluid is fully 
vaporized at the exit. Because of the self-regulating nature of the PTC elements 
116, the elements 116 will automatically modify their current draw from the supply 

25 voltage 28, up to the maximum power rating of the elements to accommodate 
changes in the temperature or rate of flow of fluid entering the device. 

The embodiment of Figures 5 and 6 has several advantages over 
known devices and previous embodiments. The use of the bus plates 119, 121 
obviates the need for the individual connectors 16d and 16e, resulting in a 
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simplified connection that is less expensive to manufacture and less prone to 
breakdown, resulting in a more economical and more dependable device. 

While the invention has been described with reference to liquefied 
gas vaporizers, the principles of the invention may also be applied to other types of 
5 fluid heaters and vaporizers. Other applications of the invention include water 
heaters for domestic hot water, industrial applications such as preheating of fluids 
and gasses, and fluid heaters for hospital and other health care requirements, etc. 
The invention may be especially useful in healthcare applications, where fluid 
heating devices are closely regulated to prevent burns to patients in the event of 

10 malfunctions. Again, due to the self-regulating nature of the PTC elements 

employed, this is an extremely safe and economical device for such an application. 
Another application of the invention may be in vehicles powered by engines that 
burn hydrocarbon gases. Such vehicles generally carry tanks of liquefied gas, 
which must be vaporized prior to use. 

15 All of the above U.S. patents, U.S. patent application publications, 

U.S. patent applications, foreign patents, foreign patent applications and non- 
patent publications referred to in this specification and/or listed in the Application 
Data Sheet, are incorporated herein by reference, in their entirety. 

From the foregoing it will be appreciated that, although specific 

20 embodiments of the invention have been described herein for purposes of 

illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as by 
the appended claims. 
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